Objective To explore the clinical and neuroendocrine characteristics of syndromes of orthostatic intolerance and syncope in young adults. Methods Two hundred and thirty-six patients aged 18-40 years with orthostatic intolerance and/or syncope were examined by head-up tilt test (HUT). Plasma levels of epinephrine, norepinephrine, renin, C-terminal-proarginine-vasopressin (CT-proAVP), C-terminal-endothelin-1 and mid-regional-fragment of pro-atrial-natriureticpeptide (MR-proANP) were analysed. Patients' history, haemodynamic parameters and plasma biomarkers were related to main diagnoses such as vasovagal syncope (VVS), postural tachycardia syndrome (POTS), orthostatic hypotension (OH) and negative HUT.
INTRODUCTION
Syncope, a common clinical problem affecting between 30% and 40% of all humans during their lifetime, 1 is clearly dominated by reflex aetiology in the first four decades of life. 2 The vasovagal reflex, by far the most common mechanism of loss of consciousness, is frequently related to orthostatic intolerance. 3 4 Within syndromes of orthostatic intolerance, three distinct syncope-related conditions are traditionally defined on the grounds of haemodynamic response to orthostatic challenge: orthostatic hypotension (OH), 5 postural tachycardia syndrome (POTS) 6 and orthostatic (vasovagal) reflex syncope, the latter showing no haemodynamic signs of the two former conditions during the presyncopal phase. 3 While POTS is a condition typically observed in younger patients, especially women, 6 the prevalence of OH in the younger population is <5% and increases with advancing age. 5 The treatment of reflex syncope and orthostatic intolerance poses a challenge for clinicians, especially when symptoms are frequent and pronounced. 3 4 Recent reports have suggested that syndromes of orthostatic intolerance may have antiadrenergic autoimmune background 7 8 and that they demonstrate different neuroendocrine patterns, 9 10 especially in children. 11 In particular, abnormalities in resting and orthostatic levels of catecholamines, vasopressin, renin-angiotensin system, endothelin and natriuretic peptides were detected, however, with partially contradicting results in regard to vasopressin in VVS versus OH. 11 12 Consequently, there is a need for more data to define typical clinical and neuroendocrine features of the main syncope-related syndromes of orthostatic intolerance in younger populations, both as a possible diagnostic tool and therapeutic guide.
In the present study, we determined patients' history, haemodynamic parameters and neuroendocrine biomarkers in a consecutive series of young adults (aged 18-40 years) who were investigated for suspected syncope and/or orthostatic intolerance with a standardised head-up tilt test (HUT).
METHODS

Study population
The Syncope Study of Unselected Population in Malmö cohort has been previously described. 9 In brief, 836 consecutive patients with unexplained syncope and/or symptoms of orthostatic intolerance were referred to and investigated at the Syncope Unit of Skåne University Hospital between August 2008 and October 2013. Of these, we identified 671 patients who underwent HUT according to the Italian protocol 13 and accepted serial blood sampling during the test. For the current study, we selected participants aged 18-40 years, yielding a series of 236 eligible patients (figure 1). These patients were managed post-test according to the current European Society of Cardiology syncope guidelines.
3
Examination protocol
The patients were asked to take their regular medication and fast for 2 hours before HUT, although they were allowed to drink water ad libitum. Prior to examination, the patients were asked to fill a questionnaire, which explored past medical history, as well as duration, frequency and features of syncope-related symptoms. Time from the first-ever syncope to examination <6 months was assigned symptom duration equal to 0 years in the database and the values were rounded up to 1 year.
The HUT protocol included peripheral vein cannulation, supine rest for 10 min, blood sampling both at supine rest and in the upright position 3 min after elevation of the table at an angle of 60-70° and optional nitroglycerin provocation according to the Italian protocol. 13 Nitroglycerin (400 µg spray sublingually) was administrated first after 20 min of passive HUT if syncope had not occurred and the haemodynamic parameters were stable , that is, no significant hypotension (systolic blood pressure (SBP) <90 mm Hg) or orthostatic intolerance due to sinus tachycardia >120 beats per minute (bpm) were observed. Thus, this nitroglycerin phase played no part in any of the neuroendocrine measurements, but contributed to the ultimate diagnosis of VVS. Beat-to-beat blood pressure (BP) and ECG were recorded using a non-invasive validated method (Nexfin monitor, BMEYE, Amsterdam, The Netherlands), 14 and subsequently analysed offline using dedicated software provided by the manufacturer. Mean BP and heart rate (HR) in supine position, after 3 min of HUT, and at the lowest BP/highest HR during passive orthostasis were calculated as an average of a 30 s period. The predefined point for the second haemodynamic assessment and blood sampling assigned to 3 min of HUT was selected to comply with the time point when postural haemodynamic stability is usually achieved in normal individuals. 15 The third assessment of the haemodynamic parameters between 3 and 20 min of HUT, corresponding to lowest SBP/highest HR prior to either activation of vasovagal reflex and/or syncope or end of the passive HUT, was intended to identify those with delayed haemodynamic instability, that is, if significant haemodynamic changes were observed beyond the first 3 min of HUT. The onset of vasovagal reflex was identified by typical prodrome and/or an abrupt change in haemodynamic parameters such as bradycardia and/or pronounced hypotension.
VVS was defined as a reproduction of syncope associated with a characteristic pattern of pronounced hypotension, bradycardia or asystole. For the current study, patients were classified as VVS only if they had no signs of POTS or OH during the test. OH was defined as a sustained decrease in SBP ≥20 mm Hg and/or decrease in diastolic BP (DBP) ≥10 mm Hg, while POTS as reproduction of symptoms of orthostatic intolerance (lightheadedness, dizziness or discomfort) with HR increase >30/min or tachycardia >120/min during HUT. 3 The Regional Ethical Review Board in Lund, Sweden accepted the study protocol (ref no 82/2008) , and all study participants gave their written informed consent.
Neuroendocrine biomarkers
As neuropeptides, in particular atrial natriuretic peptide, endothelin-1 and vasopressin, are characterised by
KEY QUESTIONS
What is already known about this subject?
Syncope and orthostatic intolerance are common clinical problems. The vasovagal reflex, the most common mechanism of loss of consciousness in young adults, is frequently related to orthostatic intolerance. Within syndromes of orthostatic intolerance, three distinct syncope-related conditions are traditionally defined: orthostatic hypotension, postural tachycardia syndrome and orthostatic (vasovagal) reflex syncope, the latter showing no haemodynamic signs of the two former conditions during the presyncopal phase. The treatment of reflex syncope and orthostatic intolerance in young adults poses a clinical challenge, especially when symptoms are severe. Since the treatment strategies for common diagnoses of orthostatic intolerance may differ, an accurate diagnosis is essential in order to alleviate symptoms and prevent syncope recurrence.
What does this study add?
In this study, young patients with unexplained syncope and/or orthostatic intolerance were investigated with head-up tilt testing non-invasive beat-to-beat monitoring in specialised syncope unit. Surprisingly, none of the clinical features reported by the patients, such as palpitations or prodromal symptoms of syncope, was highly specific for any diagnosis. Furthermore, this study demonstrates that patients diagnosed with vasovagal syncope and postural tachycardia syndrome are different regarding sex (higher proportion of men among the patients with vasovagal syncope) and seem to show opposite patterns of both haemodynamic factors (resting heart rate lower among patients with vasovagal syncope) and neuroendocrine markers (resting mid-regional-fragment of pro-atrial-natriuretic-peptide (MRproANP) lower in postural tachycardia syndrome.
How might this impact on clinical practice?
When diagnosing syncope and orthostatic intolerance, the uncertainty of the final diagnosis if based on patient's history must be accepted with caution. While it has been shown that a level of accuracy when an expert takes history is very high, this study emphasises the utility of head-up tilt testing with non-invasive beat-to-beat monitoring as a method of diagnosis in unexplained syncope, especially in the absence of a syncope expert. The study also suggests that sex, resting heart rate and MR-proANP, the latter easily assessed through commercially available test kits, may be valuable as additional tools in the initial evaluation of young patients with unexplained syncope.
a short half-life of a few minutes, we applied newly developed laboratory assays to detect their stable fragments, thus allowing better estimation of neurohormone biosynthesis. Blood samples collected in the supine position before HUT and at 3 min of HUT were used for determination of epinephrine, norepinephrine, renin, C-terminal-pro-arginine-vasopressin (CT-proAVP), C-terminal-endothelin-1 (CT-proET-1) and The use of medications in the study population was generally very low. Blood pressure-increasing medication was used in seven patients (one negative HUT, two VVS, three POTS, one OH). β-Blockers were used by two patients (both POTS); calcium antagonists was used in one patient (VVS) as were angiotensin receptor blockers (VVS), levothyroxine was used by two patients (POTS; OH) and anti-EP medications were used by four patients (two negative HUT, one POTS, one OH). Antidepressants in the form of selective serotonin-reuptake inhibitors were used by 14 patients (3 negative HUT, 5 VVS, 2 POTS, 4 OH) and other antidepressants were used by two patients (both POTS). Symptomatic drugs including sedatives, analgetics and sleep agents were used in no more than five patients for each class of drugs. No patient used antidiabetic medication, platelet inhibitors, oral anticoagulants, diuretics, ACE-inhibitors, α-blockers, long-acting nitroglycerine, lipid-lowering drugs, digoxin, opiates, anti-Parkinson medication or cytostatics.
mid-regional-fragment of pro-atrial-natriuretic-peptide (MR-proANP). The total amount of blood drawn for the analyses was 60 mL (30+30 mL), and no fluid substitution was given. Plasma biomarkers were measured from blood samples (16×250 µL aliquots of EDTA plasma in plastic thermotubes) that had been frozen at −80°C after collection.
CT-proAVP, CT-proET-1 and MR-proANP were measured using the assays provided by the manufacturer: Thermo Fisher Scientific BRAHMS CT-proAVP KRYPTOR, Thermo Fisher Scientific BRAHMS CT-proET-1 KRYPTOR and Thermo Fisher Scientific BRAHMS MR-proANP KRYPTOR (BRAHMS GmbH, part of Thermo Fisher Scientific, 16761 Hennigsdorf, Germany). Concentrations of epinephrine and norepinephrine were determined by high-performance liquid chromatography with fluorescence detection. 16 Plasma renin concentrations were analysed using an immunoradiometric assay (Renin III Generation; Cisbio Bioassays International, 30200 Codolet, France).
Statistics
One-way analysis of variance (ANOVA) with Tukey's post hoc test was used to determine the difference in baseline characteristics, haemodynamic parameters and neuroendocrine biomarkers between the patients with negative HUT and those diagnosed with VVS, POTS or OH, respectively, or between the diagnostic groups, if appropriate. If the assumption of homogeneity of variances was violated (indicated by Levene's test p<0.05), a Welch test with Games Howell post hoc was run instead. For dichotomous variables, Pearson's χ 2 test was used. Any continuous variables with skew deviation were log-transformed in the statistical analyses. When appropriate, significant findings from the χ 2 , ANOVA and Welch models were further explored by testing the relation between those variables and diagnosis in logistic regression models yielding OR with 95% CI. All analyses were performed using IBM SPSS Statistics V.23 (SPSS, Chicago, Illinois, USA). All tests were two-sided, whereby p<0.05 was considered to be statistically significant.
RESULTS
Study population characteristics
The proportions of final diagnoses and patients' characteristics are displayed in table 1. There was a predominance of females. The median duration of syncope-related symptoms was 3 years with no difference between the diagnostic groups. Patients diagnosed with POTS were more often female and younger compared with patients with negative HUT. In contrast, the proportion of male subjects was highest among patients diagnosed with VVS. Moreover and somewhat surprisingly, patients with POTS tended to report palpitations to a less extent than patients with negative HUT, whereas the proportion of patients reporting palpitations were similar among the VVS and POTS groups. Orthostatic dizziness was less common among patients with VVS, even though it was not very specific for any diagnosis (table 1). In the group who tolerated tilt testing without significant haemodynamic changes (negative HUT), five patients demonstrated psychogenic pseudosyncope, and four other patients were subsequently monitored with implantable loop recorder without diagnostic findings, that is, no syncope during monitoring or fainting episodes recorded with normal heart rhythm only. Patients with psychogenic pseudosyncope did not significantly differ in haemodynamic parameters and biomarkers from the rest of HUT-negative patients.
Haemodynamic parameters
At rest, patients with VVS showed significantly lower HR compared with negative HUT (table 2, figure 2), and with POTS (p=0.001). In agreement with the predefined diagnostic criteria, the small number of patients with OH showed significantly lower SBP and DBP during HUT, whereas those with POTS showed higher HR during HUT (table 2), both at 3 min of HUT and at the point of lowest BP.
Neuroendocrine biomarkers
Patients with POTS showed a significantly higher rise in norepinephrine at 3 min of HUT (table 3) and had lower resting MR-proANP in relation to VVS (p=0.039) and OH (p=0.030), but not to negative HUT (p=0.96). Patients with POTS also had a greater increase in CT-proAVP compared with negative HUT (table 3) but not VVS (p=0.768) or OH (p=0.693). Patients with OH also had lower resting renin level compared with negative HUT (p=0.030). There were no other significant differences between patients with negative HUT and those with VVS, POTS or OH, respectively (table 3) . Furthermore, resting MR-proANP was inversely related to resting HR in a linear model (p=0.009).
Multivariable models for diagnosis
Based on our findings of variables associated with VVS in the study population, we constructed a 'VVS score' including sex (male), resting HR (<study population median of 70 bpm) and resting MR-proANP levels (>study population median of 45 pm/L). The score was then related to a diagnosis of VVS (compared with any other diagnosis, including negative HUT) in a logistic regression model, with age as a covariate. Subjects that had all of the three characteristics male sex, resting HR <70 and resting MR-proANP levels >45 pm/L had an OR of 21.8 (95 % CI 3.99 to 119; p<0.001) for being diagnosed with VVS compared with subjects that lacked all of these characteristics (table 4) . When excluding male sex as a criteria, patients with fulfilling the criteria of resting HR <70 bpm plus MR-proANP >45 pm/L had an OR of 3.99 (95 % CI 1.68 to 9.52; p=0.002) of being diagnosed with VVS compared with any other diagnosis in relation to subjects without these two criteria in a sex-adjusted and age-adjusted logistic regression model. On the contrary, the patients with HR ≥70 bpm plus MR-proANP <45 pm/L had an increased probability of being diagnosed with POTS (OR 3.66; 95 % CI 1.40 to 9.58; p=0.008).
DISCUSSION
In this study, we report that resting HR in patients with vasovagal reflex syncope during tilt testing was lower compared with those who had postural orthostatic tachycardia syndrome and with those whose tests were negative. Furthermore, MR-proANP was significantly higher among those with VVS compared with POTS, and MR-proANP was inversely related to supine HR. When these variables were combined, patients with both a resting HR <70 bpm plus MR-proANP levels >45 pm/L had an OR of approximately four times for reflex syncope compared with subjects without any of these criteria; the OR increased to 22 if male sex was also included as a criteria in the model. We also showed that patients with OH had lower resting renin, while patients with POTS demonstrated pronounced increase in norepinephrine. Patients with POTS also demonstrated greater increase in CT-proAVP during HUT than patients with negative HUT, however, not compared with any other group. Finally, we have observed that patient's history and symptoms during syncope may not be specific for any diagnosis.
Our previous reports suggested that lower values of MR-proANP were predictive of both VVS 12 and orthostatic tachycardia 9 in the general syncope population. In this study, the head-to-head comparison between age-matched younger patients with VVS and patients with POTS demonstrated that lower MR-proANP is more suggestive of POTS.
The finding of lower resting HR among patients with VVS implies higher vagal tone and/or a lower sympathetic tone affecting the heart at rest compared with patients with a negative test. Interestingly, this difference in HR seems to be attenuated during orthostatic challenge, which may be explained by either a marked vagal withdrawal or a more pronounced increase in adrenergic drive. For obvious reasons, patients with POTS demonstrated greatest increase in HR during HUT, outperforming that of VVS positive and negative HUT but the difference between patients with VVS and negative HUT was also significant. However, although orthostatic increase in HR in POTS is pathognomonic for this syndrome, less is known about chronotropic response in patients with VVS compared with normal subjects. Our reference group with negative HUT do not represent normal subjects, but they are autonomically more integrated and do not demonstrate the hypotensive tendency usually detected by tilt testing. 17 Consequently, the attenuation of difference in HR between patients with VVS positive and negative HUT during orthostatic challenge may be due to counteracting the hypotensive tendency in standing in the former by increasing HR and cardiac output. Interestingly, epinephrine elevation during early HUT phase did not differ between the groups, an observation that suggests a baroreceptor-mediated vagal withdrawal as the main mechanism of HR increase in patients with positive VVS.
Compared with patients with POTS, MR-proANP was significantly higher among those with VVS, which corroborates our previous findings of decreased ANP in postural tachycardia. 9 Also, we found that higher MR-proANP was inversely related to resting HR. Thus, patients with VVS show lower HR, which is in turn associated with higher ANP. The most important stimulus for ANP secretion is stretching of atrial walls, which takes place with a high blood volume and raised atrial pressure. 18 19 One could hypothesise that the lower resting HR of pateints with VVS would lead to greater filling of these cardiac chambers during the cardiac cycle, which in turn would trigger increased release of ANP in these patients. On the contrary, patients with POTS may have underfilling of the atria, leading to reduced ANP. Whether higher resting MR-proANP levels may in itself also predispose to a vasovagal reaction during orthostatic stress remains to be determined.
Current clinical guidelines 3 emphasise the need for careful history taking when evaluating patients with unexplained syncope. VVS is by far the most common cause of syncope in young patients 2 3 and it is suggested by some authors that VVS may be diagnosed solely by careful history taking. 20 In this study, none of the clinical features such as the total number of attacks, how many years ago the first syncope occurred, dizziness on standing and palpitations or typical prodrome preceding syncope was highly specific for any diagnosis. Of interest, the proportion of patients with POTS that reported palpitations was low (3 of 10), and this OR and 95% CI for vasovagal syncope in relation to occurrence of the following markers in individual subjects: male sex, resting heart rate <70 bpm; resting plasma MR-proANP levels >45 pm/L.
proportion was the same among patients with VVS. Furthermore, even though the proportion of patients reporting dizziness on standing was slightly lower among VVS compared with other diagnoses, 6 of 10 patients with VVS still reported this symptom. The history is without doubt a powerful tool in diagnosing syncope, in particular when taken by a trained expert. 21 In this study, patients were asked to fill a standard questionnaire prior to tilt testing. Self-reported history obtained by filling a questionnaire is similar to history taking by a non-expert yielding around 60% accuracy. 22 While it has been shown that a level of accuracy when an expert takes history is very high, as much as 90%. 23 We believe that these results indicate that tilt testing with non-invasive beat-to-beat monitoring should be considered in unexplained syncope associated with symptoms of orthostatic intolerance, especially in the absence of a syncope expert. When an expert is available, tilt testing may be seen as a diagnostic tool for confirmation of diagnosis and an additional test in unresolved cases.
VVS and POTS are diagnoses that are very common in young subjects, yet the treatment strategies for these diagnoses may differ 6 and an accurate diagnosis is essential when attempting to prevent syncope recurrence. Since patients with VVS and POTS seem to show opposite patterns of both haemodynamic factors (resting HR lower among patients with VVS) and neuroendocrine markers (resting MR-proANP lower in POTS), we suggest the possibility that resting HR and MR-proANP, easily assessed through commercially available test kits, may be considered as additional tools in the evaluation of young patients with unexplained syncope. Moreover, the lower HR in patients with VVS would tend to make them unsuitable for treatment with β-blockers, a strategy, which has failed in randomised trials on prevention of syncope recurrences. 3 The lower resting HR in patients with VVS may be closer to 'normal' as corroborated by other data from the Malmö population. In the Malmö Preventive Project, 8370 healthy individuals aged 27-40 years had resting HR of 67±10 bpm, 24 similar to VVS in our study. Consequently, patients with VVS can be considered normal except when they are having reflex syncope. In contrast, POTS and OH are patients with persistent manifestations of their condition, expressed by abnormal adrenergic activation or vagal withdrawal at rest and higher HR. Patients with negative HUT are, on the other hand, a non-homogenous group, possibly with over-representation of anxiety disorders, which would explain the higher pretest HR. The fact that the proportion of men is higher among patients with VVS than among patients with POTS is consistent with the well-known fact that POTS is more often diagnosed in women. 6 Among other observations, lower renin in OH is supported by earlier studies in diabetic patients with OH, 25 but has not been recently confirmed 11 in very young subjects and thus warrants further study, possibly including other components of renin-angiotensin system.
In contrast, a significant increase in norepinephrine during HUT in patients with POTS can be considered confirmatory, as it has been previously demonstrated in several studies. 9 11 26 The finding of a greater increase in AVP during orthostasis in patients with POTS may have physiological basis in that a low blood volume is a wellknown strong stimulus for AVP release. Of possible clinical relevance relating to these findings, copeptin levels have been suggested to predict the outcome of treatment with midodrine hydrochloride 27 and β-blockers in children with POTS. 28 Our study has some limitations that should be mentioned. First, no control subjects without a history of syncope and/or orthostatic intolerance were included. However, the fact that only patients with unexplained syncope and/or orthostatic intolerance referred for further evaluation were included also makes the results clinically relevant. Second, the neuroendocrine data were measured at rest and at 3 min during HUT only. Further changes in these parameters might have occurred later during HUT, as well as after syncope. Third, there is an overlap between POTS and VVS in that many patients with POTS also experience syncope by VVS. In our study, 47 out of the 72 patients with POTS (65%) also had VVS during HUT. However, as treatment in these patients should probably be directed to the precipitating factors in form of their main diagnosis including the postural tachycardia and orthostatic intolerance rather than the VVS per se, we still find the distinction between 'pure VVS' and POTS (±VVS) important for successful treatment outcome. Fourth, the strict cut-off for HR in the diagnosis of POTS means that some patients with haemodynamic findings that are suggestive of, but not diagnostic for, POTS may be classified as either VVS or negative HUT. Finally, even though the use of medications influencing HUT results was very low in the study population should not affect results on the group level, such medications may of course have affected test results for a small number of individual patients.
In conclusion, we have shown that among young patients with unexplained syncope, patients with VVS are more likely to be men, have lower HR and higher MR-proANP at rest than patients with POTS. We propose that these parameters might be taken into account during the initial evaluation of unexplained syncope in young patients.
